Abstract -
INTRODUCTION
The landscape of engineering education has changed, first with the introduction of the Washington Accord [1] requiring member countries to adopt outcomesbased education, and second with the Canadian Engineering Accreditation Board (CEAB) adopting an outcomes-based, data-informed continuous curriculum improvement accreditation mandate using graduate attributes (GA) [2] . While outcomes-based practises have existed prior to both of these initiatives, the awareness and application of them slowly crept into consciousness of engineering educators bringing with it a new way of talking about education and assessment. Indicators, outcomes, rubrics, triangulation and Bloom's taxonomy are frequently discussed topics, as evidenced by the growing collection of publications and attendees at the Canadian Engineering Education Association (CEEA) Annual Meetings. Since 2012, the engineering education community has become comfortable with many aspects of the outcomes-based mandate, yet the continuous curriculum or program improvement side of the mandate is an area of much concern and question.
More commonly referred to as "closing the loop", using the results from the assessment of student learning outcomes for the improvement purposes appears on the surface to be a straightforward exercise. Simply collecting the data of student performance and improving a single course on its own may be straightforward, but making meaning of the data and then effectively implementing a change across a program is far more complex. It requires a depth of understanding, considerable insight, knowledge of student development, a clear picture how students learn, effective teaching practises, a firm grasp of assessment, and most importantly, time.
There are very few institutions, maybe none, who can say that they have a fully functional institution-wide continuous improvement process and strong evidence of improved learning, yet there is much research conducted in this area. The most notable are the Wabash National Study of Liberal Arts Education, a longitudinal, large scale study to investigate critical factors that affect the outcomes of liberal arts education, and from the National Institute for Learning Outcomes Assessment (NILOA) an organization of prominent assessment scholars and experts. Using these studies and publications as a base, alongside continuous improvement and accountability practises from other professional disciplines, common themes, effective practises and key lessons regarding using assessment results to improve your program can be found.
Accountability, Professional Programs & Approaches
There are a diverse number of techniques and approaches associated with continuous improvement. The majority of these techniques, along with closing the loop, are related to accountability, which holds institutions responsible for improving student performance [3] , [4] . The topic of accountability in higher education is prominent in the United States and is inexorably linked to assessment.
It can be split into two areas; the first is assessment for accountability, using assessment results to hold an institution accountable for student performance and is typically associated with external agencies, government and accreditation bodies and standardized testing initiatives [5] . The second is assessment for improving student learning, best put by Blaich as:
"Accountability for improving student learning as an enactment of the moral and professional commitments of faculty, staff, and institutions, rather than as a reaction to externally imposed obligations. is an idea that rarely surfaces in the public discussion about assessment and accountability [6] " This viewpoint is shared by assessment professionals and higher education researchers [7] , and alongside external factors (accreditation) is a significant internal factor behind implementing outcomes-based, continuous improvement process by honouring professional commitments as educators and truly improving student learning.
Through being accountable for improving student learning, an institution can be accountable to all stakeholders by demonstrating enhanced student learning across both professional and non-professional programs [7] , [8] . It is important for an improvement process to consider both facets of accountability, to clearly define what they are trying to assess and improve and to ensure whatever approach they employ can address external and learning accountabilities.
Alongside engineering, the common professional programs at institutions are business and medicine, both of which have multiple accrediting bodies and standards. The requirements for accreditation across all of these programs share common aspects: a learning outcomes focus and the demonstration continuous improvement. Despite these similarities, there are a number of approaches used to address or implement a continuous improvement process or to close the loop. They are not solely used in the professionally accredited programs, but are also found across higher education with those seeking to answer questions about accountability and student learning [9] .
Derived from the pioneering work of W. Edwards Deming [10] in continuous improvement and used by industry to improve quality and effectiveness, several approaches have been modified for use in higher education and have shown some promise. These include: Deming's original plan-do-check-act (PCDA) cycle used in engineering in the SUCEED coalition [11] , lean manufacturing and six sigma methodologies [10] , [12] , total quality management (TQM) or total quality improvement (TQI) applied broadly to higher education [13] - [15] , the balanced scorecard approach in accounting programs [16] and other quality improvement practises in nursing [17] , [18] and medicine [19] .
Effective Practise & Common Challenges
The Wabash Study has been an invaluable resource for those interested in implementing outcomes-based assessment practises. This study has helped build momentum to make student learning outcomes a primary assessment method of an institution and further the accountability assessment to improve student learning. Even with the success of the study, several questions were unanswered, as stated by Blaich & Wise in their 2011 analysis of the study:
"Despite the abundant information they receive from the study, most Wabash Study institutions have had difficulty identifying and implementing changes in response to study data. Although much of the national conversation about assessment and accountability focuses on the pros and cons of different approaches to measuring student learning and experience, we have learned from the Wabash Study that measuring student learning and experience is by far the easiest step in the assessment process. The real challenge begins once faculty, staff, administrators, and students at institutions try to use the evidence to improve student learning." [6] Even though this key question of 'how to close the loop' largely remains unanswered, the results from the Wabash study alongside the many varied approaches to continuous improvement in higher education can be used to identify effective practises and common challenges. It should be noted that not all of the practises and techniques are required to form an effective continuous improvement process, nor would an institution experience all of the challenges. Rather, these practises should be viewed guide in developing an improvement process that uses assessment of student learning outcomes to inform decisions, improve courses and curriculum, and provide a meaningful contribution to furthering student learning.
Effective Practise

Have a key goal or focus to guide your approach
Any successful outcomes-based continuous improvement process requires direction. An aimless or undirected process is rarely successful or sustainable over the long term, due to lack of focus, a lack of alignment and a lack of engagement. Beginning the process by asking questions to discern key goals, purpose or a specific focus will help clarify what exactly is to be gained by undertaking the process. Having these key questions, goals and purpose will assist with engagement with stakeholders by establishing transparency and intent of the process [20] . This is especially important in professional programs with accreditation mandates, as an external mandate or pressure won't facilitate engagement [8] if these mandate don't accurately align with the purposes and goals of an institution or program [20] . Carefully fostering alignment between institution, program and disciplinary goals and values is important for building stakeholder engagement and developing enduring support and 'buy-in' for a continuous improvement approach [21] . This can be facilitated by an institutional or program framing of the improvement process, by carefully embedding the process in program review or in governance structures [20] .
Resource identification & allocation
Don't reinvent the wheel. There may already exist a meaningful amount of information previously collected about student learning at your institution, collected by a variety of sources. It is very important to perform a thorough audit of this information to form benchmark measures, and to better shape goals, objectives, and methodologies [6] , [20] . Additionally, an audit and allocation of current resources should be conducted to provide a resource with the capital it requires to build momentum and progress towards long-term sustainability [21] . Resource allocation should also include a forecast for future efforts, which should include the collection of stakeholder opinions for the assessment of the approach itself and the assessment results collected thus far [6] , [8] .
Leadership
Effective, continuous and invested leadership is vital for the implementation and long-term sustainability of an approach. While by-committee approaches are popular, clear direction and guidance is required due to the turnover rates associated with such governance [8] . At the core, embarking on an outcomes-based continuous improvement approach is an exercise in change management, and the absence of an engaging and effective leader will pose significant problems. However, the presence of internal "champions" and "pockets of excellence" in outcomes-based assessment can provide ad-hoc leadership to help supplement a transitional leader or a committee based approach [20] . These champions typically are the early-adopters, effective educators and highly involved faculty or staff members. Identifying and involving these people in an improvement approach is vital for the efficacy, short-term survivability and longterm sustainability of an approach.
Clear & Coherent Assessment Plan
The crafting of a clear and coherent assessment plan is an effective practise for a number of reasons that goes beyond the simple mapping of the curriculum, or addressing accreditation. Developing a clear assessment and improvement plan will help establish expectations for an institution or program and communicate those expectations to stakeholders [8] , involving them in the process and helping build a sense of ownership, engagement and a sense of community at an institution or program [21] , [22] . Embarking on such efforts will also help enhance assessment and improvement practises already in place and better use, interpret and leverage the data collected by said processes [20] . The continual nature of the approach should be addressed, with assessment and evaluation of the approach considered in the planning steps [20] . Establishing a scope of work as part of an assessment plan is of vital importance to not overreach and tax available resources. A deliberate, scalable approach limiting improvements to a small number of areas is a sensible approach that can be modified and expanded once sufficient momentum is gained [20] .
Most importantly, an assessment plan should include efficient and effective pathways for communication between all stakeholders involved in the process. Without transparency and communication of the plan, stakeholders will not have an accurate picture on which to base decisions, and raise concerns about the validity and efficacy of curriculum or program improvements [8] .
Making Meaning & Improving
Collecting assessment data has been shown to be the easiest part of an outcomes-based continuous improvement process [20] . Making meaning from the assessment results, distilling that into a set of actionable improvements and then implementing those improvements should be unequivocally easier said than done. Making meaning of your data is a question of space and a matter of time; in order to properly understand the vast amount of information gained from assessment processes significant time must be allocated for reflection and in a common space for collective and collaborative decision making [20] . Unrealistic timelines for change, and exclusive discussion not involving representatives from all stakeholders are detriments to an improvement approach [8] , and an ill-informed, hastily reached decision may be far more damaging than doing nothing.
The data gained from the assessment process should be communicated widely and freely, to all stakeholders, and their input on how to interpret meaning and suggestions for improvement is considered. This will help foster engagement in and understanding for the approach to continuous improvement in a program or institutions and develop a culture around assessment and improvement [21] , [22] . Engaging all stakeholders also helps to establish internal accountability of the process, by considering diverse and conflicting viewpoints to achieve unbiased, actionable recommendations for improvement [8] . Diverse stakeholder input is an additional benefit when one considers the context and nuance of the data. Deriving meaning from seemingly spurious or clouded data may be made clear by a specific group of stakeholders with a particular level of insight [21] .
Just as student learning is being assessed and improved by closing the loop, the approach used by an institution should also be evaluated and improved [8] . Embarking on an outcomes-based continuous improvement process is a learning experience. There will be successes, challenges, victories and failures throughout the process as the approach to measure and demonstratively improve student learning matures. As any student should, institutions should plan to self-assess their own efforts, and not just mindlessly collect data to meet accountability and accreditation requirements. High volume of data does not necessarily equate with high quality of data and imply a successful process or the improvement of student learning [21] . As best put by Trudy Banta:
"One of the challenges of translating assessment evidence into improvement is for assessment leaders to know when gathering more information would help focus and clarify potential actions and when their knowledge is good enough to change a class or program. The goal of assessment is not just to gather evidence, after all, but to make evidence-informed changes." [8] 
Conclusions
The categories of effective practice presented above represent lessons learned from the successes and challenges of institutions undertaking their own continuous improvement process.
These are not "best practises" that every institution should follow, but instead should be viewed as "effective practises" gathered from shared institutional experiences and the reflections of assessment professionals on the challenges of closing the loop.
Many of the tenets of effective practice in the outlined are very well aligned with the EGAD 5-step approach to outcomes based curriculum development. The EGAD framework was developed in collaboration with assessment professionals and drew from successful evidence-based practise in outcomes assessment. Each step in the EGAD process provides key questions to guide a developing approach that are representative of the effective practises described in this paper [23] [24]. Whether a continuous improvement approach follows effective practises, a developmental ideology or established framework, there is a common goal driving the process:
"the desire to improve student learning and to critically examine institutional processes and practices-from the classroom to extracurricular activities and everything in between-to inform decisions to enhance student learning." [20] 
